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Angiokeratoma corporis diffusum universale
(Fabry's disease) is an hereditary, systemic
disorder of glycolipid metabolism charac-
terized by the intracellular accumulation of
lipid substances in the endothelial and
perithelial cells (pericytes) of blood vessels
throughout the body. In addition, smooth
muscle cells, ganglion cells, nerves, and epithe-
hal cells of the cornea, kidney and other
organs (1) may be affected.
Careful biochemical studies by Swecley
and Klionsky (2) first characterized the lipid
deposits as a ceramide-tri- and di-hexoside
mixture. Recent studies (3, 4) have confirmed
these findings. Electron microscopic studies
(5—7) have shown that the lipid deposits of
Fabry's disease have a periodic sub-structure
measuring 50—100 A.
The lipid accumulating in Fabry's disease
is related biochemically to the lipid deposits
found in Niemann-Pick and Tay-Sachs dis-
eases. Electron microscopic studies of these
diseases have revealed certain morphologic
similarities (8, 9). Thus there is both bio-
chemical and submicroscopic evidence that
Fabry's disease should be regarded as one of
the lipid storage diseases.
The present report deals with light and
electron microscopic studies of the skin of two
patients with Fabry's disease. Typical skin
lesions were examined, as has been done in
previous studies, but in contrast to other in-
vestigations, clinically unaffected skin was
also studied. Our findings on the skin lesions
confirm those of others (6, 7, 10), and in
addition, demonstrate similar alterations in
clinically uninvolved skin. Both men had
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evidence of systemic involvement and biop-
sies of various organs confirmed the presence
of the characteristic lipid deposit.
MATERIALS AND METHODS
Punch biopsies of skin were obtained from two
men with Fabry's disease and studied in the
following manner:
Light microscopy—Four separate biopsies of
typical punctate keratotic angiectases as well as
two areas of adincent clinically normal skin were
obtained using a power-driven, 2 mm punch with-
out anesthesia. Each specimen was immediately
bisected and fixed in cold 2% Osmium tetroxide
in s-Collidine buffer for two hours. After fixation
and dehydration in graded ethanol and propylene
oxide, the tissue was embedded in Epoa and
sectioned using conventional ultramicrotomes with
both glass and diamond knives. One micron thick
sections were stained with Richardson's stain (11)
for examination by light microscopy. Additional
biopsies of keratotic skin lesions were fixed in 10%
neutral buffered formalin, embedded in paraffin
and serially sectioned.
Electron microscopy—Sections for electron
microscopy were double-stained with uranyl acetate
and lead hydroxide, and examined in RCA 3G
and 2C electron microscopes.
RESULTS
Gross—Clusters of individual, punctate,
dark-red angiectases were present, concen-
trated mainly between the umbilicus and the
knees. The lesions were fiat to slightly raised,
and about 1 mm in diameter. In one patient,
a large portion of the back was covered by
an old, healed burn scar, and in this area
cutaneous lesions were much less apparent
than in the adjacent non-scarred areas.
Light microscopy.—Thc lesions in the skin
consisted primarily of dilated, blood-filled
vessels in the upper dermis over which was
seen a thin epidermis with or without by-
pcrkeratosis (Fig. 1). The rete ridge pattern
was effaced over the angiectasis but at the
periphery of the dilated vessel one frequently
could sec an acanthotic or elongated portion
of rete ridge. Endotbelial and perithelial
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FIG. 1. A dilated vessel (V) in the superficial dermis from an area of a clinically
visible lesion. Inclusions (In) can be seen in lining endotheial cells. Aggregated red blood
cells are present in the lumen of the vessel. One micron section, X 20.
FIG. 2. Mid-dermis from an area of clinically normal skin, showing an arrector pili
muscle (Sm), with adjacent vessels (V) and nerves (N). Inclusions (In) can be seen in
endothelial cells, perivascular cells and perineural cells. One micron section, X 100.
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cells (pericytes) of small and medium sized
vessels contained discrete deposits which
stained darkly in one micron sections (Fig.
2). Perineural cells surrounding small nerves,
dermal macrophages, and arrectores pilorum
muscles also contained inclusions which
stained in an identical manner. Similar
changes were found in clinically normal areas
of skin (Fig.2).
Electron microscopy—In biopsies from typ-
ical lesions as well as from clinically normal
skin, vessels of various sizes were found to
contain numerous dense inclusions within
endothelial and perithelial cells (Fig. 3). The
inclusions appeared spherical, ranging in
size from 0.5 to 2.5 microns in diameter, At
high magnifications an internal structure
could be resolved in many of the inclusions
which was composed of lamellae showing two
orders of periodicity. The first was large,
concentric, light and dark bands with a
periodicity ranging from 150—200 Angstrom
units measured from one dark band to the
adjacent one (Fig. 4). Frequently these lamel-
lae were found in the periphery of an inclu-
sion. The second order of periodicity consisted
of compact, alternating light and dark bands
with a periodicity of 50—60 Angstrom units
(Fig. 4). This fine periodicity was seen to
extend across the larger lamellae as well as
throughout other portions of the inclusions.
Dermal macrophages also contained cyto-
plasmic inclusions identical to those found in
endothelial and perithelial cells. Similar in-
clusions were seen in arrectores pilorum
muscles (Fig. 5), as well as perineural cells
surrounding small nerves (Fig. 6).
Many of the inclusions were bounded by
a single membrane. No definite relation to
cytoplasmic organdIes could be determined.
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The present study has presented light and
electron microscopic findings of the skin le-
sions as well as the clinically normal skin
of patients with Fabry's disease. The ultra-
structural appearance of the inclusions in
areas of clinically involved skin is in agree-
ment with recent studies (5—7, 10). No pre-
vious report has been found dealing with
areas of the skin not involved with lesions,
although studies of other organs (12—16) have
indicated the universality of the disease. The
appearance of the lipid inclusions in the un-
involved skin is similar to that seen in all
organs which have been examined by electron
microscopy (5, 7, 12, 13).
The electron microscopic observations have
shown cytoplasmic inclusions with two orders
of periodicity. The first is similar to those
described by Hashimoto, Gross and Lever
(10) and consists of large, irregularly-packed
lamellae with 150—200 Angstrom units re-
peating light and dark bands. The second
consists of compact fine lamellae with a
periodicity of 50—60 Angstrom units and is
similar to that recently reported by Frost and
his co-workers (5), as well as ourselves (6),
and subsequently by Rae, et al. (7).
Previous studies of Niemann-Pick disease
(8) and Tay-Sachs disease (9) have shown
inclusions with both orders of periodicity.
The lipid deposits of these two diseases have
shown a fine periodicity ranging from 45—60
Angstrom units. Recent studies (2—4) have
shown Fabry's disease to he chemically related
to Tay-Sachs disease as well as Gaucher's
disease, all being types of glycolipid. In
Gaucher's disease, however, electron micro-
scopic studies (17) have shown tubular struc-
tures rather than the myelin figures found in
the other sphingolipidoses. Thus Fabry's dis-
ease seems to fit clinically, chemically and
pathologically into the spectrum of lipid
storage disease.
The two orders of lamellations which have
been reported here are not thought to repre-
sent anything more specific than some form
of phospholipid. The nature of the larger,
150—200 A, periodicity is unknown, but
some evidence is available related to the
second order of periodicity in the range of
40—60 A. Stoekenius (18) and others have
studied phospholipid model structures in vitro
and have shown by electron microscopy as well
as by x-ray diffraction that the molecules
orient themselves in relation to a water
phase, with compact light and dark bands
having a periodicity of 38—42 Angstrom units.
The observed periodicities in all three diseases
mentioned above appear to be in the same
range of magnitude as the in vitro model
system. It is suggested on this morphologic
basis that the fine periodicity observed in
FIG. 3. Electron micrograph of a small dermal vessel from a clinically uninvolved area.
showing dense deposits (In) in endothelial (EC) and perithelial cells (PC). V vessel
lumen. Double stain, X 5,000.
. .FiG. 4. Electron micrograph of dense deposits (In) in an endothehal cell, showing two
orders of periodicity. The first, seen as concentric lamellations around the periphery of the
deposits (L1), measures 150—200 A. The second order of lamellations (L2) measures 40—60 A.
Double stain, X 63,000.
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FIG. 5. An electron micrograph of a portion of an arrector pili muscle, showing a
lamellated inclusion (In) within a smooth muscle cell (Sm). Double stain, X 8,600.
FIG. 6. Electron micrograph of a portion of a dermal nerve (N) enclosed by its
perineural cell (Pn). Inclusions (In) similar to those shown in other cells are seen in its
cytoplasm. One of the nerve fibers is myelinated (My). Double stain, X 6,000.
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Fabry's disease, like those in the two other
sphingolipidoses, may represent lipid material
iii a similar physiochemical state.
SUMMARY
Two eases of Fabry's glycolipid lipidosis
have been studied by light and electron
microscopy. Inclusions with a periodicity
measuring 50—60 Angstrom units have been
found in endothelial cells and pericytes of
dermal vessels, as well as adjacent macrophages
and arrectores pilorum muscles. Similar de-
posits were also demonstrated in clinically
unaffected skin.
REFERENCES
1. Sweeley, C. C. and Klionsky, B.: Glycolipid
Lipidosis: Fabry's Disease. p. 618, The
Metaboiw Basis of Inherited Disease, Second
Edition. Ed., Stanbury, J. B., Wyngaarden,J. B. and Fredrickson, D. S., New York,
McGraw-Hill, 1066.
2. Sweeley, C. C. and Klionsky, B.: Fabry's
disease. Classification as a sphingolipidosis
and partial characterization of a novel glyco-
lipid. J. Biol. Chem., 238: 3148, 1963.
3. Brady, R. 0., Gal, A. E., Bradley, R. M.,
Martensson, E., Warshaw, A. L. and Laster,
L.: Enzymatic defect in Fabry's disease.
New Engi. J. Med., 276: 1163, 1967.
4. Christensen Lou, H. 0.: A biochemical investi-
gation of angiokeratoma corporis diffusum.
Acta Path. Microb. Scand., 68: 332, 1966.
5. Frost, P., Tanaka, Y. and Spaeth, G. L.:
Fabry's disease—glycolipid hpidosis. Amer.
J. Med., 40: 618, 1966.
6. Sagebiel, R. W. and Parker, F.: Electron
microscopic observations relating Fabry's
disease to other sphingolipidoses. Clin. Res.,
14: 273, 1966.
7. Rae, A. I., Lee, J. C. and Hopper, J.: Clinical
and electron microscopic studies of a case
of• glycolipid lipidosis Fabry's disease). J.
Clin. Path., 20: 21, 1967.
8. Lynn, R. and Terry, R. D.: Lipid histo-
chemistry and electron microscopy in adult
Niemann-Pick disease. Amer. J. Med., 37:
987, 1964.
9. Terry, R. D. and Weiss, M.: Studies in Tay-
Sachs disease. II. Ultrastructure of the
cerebrum. J. Neuropath. Exptl. Neurol., 22:
18, 1963.
10. Hashimoto, K., Gross, B. G. and Lever, W. F.:
Angiokeratoma corporis diffusum (Fabry). J.
Invest. Derm., 44: 119, 1965.
11. Richardson, K. C., Jarett, L. and Finke, E. H.:
Embedding in epoxy resins for ultrathin
sectioning in electron microscopy. Stain
Technol., 35: 313, 1960.
12. Dempsy, H., Hartly, M. W., Carroll, J., Baliut,J. Miller, R. E. and Frommeyer, W. B.:
Fabry's disease (angiokeratoma corporis dif-
fusum). Ann. Intern. Med., 63: 1059, 1065.
13. Dubech, U. C. and Gloor, F.: Fabry-Krankheit.
Deut. Med. Wochschr., 91: 241, 1966.
14. Rahman, A. H. and Lindenberg, H.: The
neuropathology of hereditary diptopic lipi-.
dosis. Arch. Neurol., 9: 373, 1963.
15. Wallace, H. J.: Angiokeratoma corporis dif-
fusum. Brit. J. Derm., 70: 354, 1958.
16. Spaeth, G. L. and Frost, P.: Fabry's disease,
its ocular manifestations. Arch. Ophthalmol.,
74: 760, 1065.
17. Jordan, S. W.: Electron microscopy of Gau-
cher cells. Exptl. Molec. Path., 3: 76, 1964.
18. Stoeckenius, W.: Some electron microscopic
and x-ray diffraction observations on liquid
crystalline planes in lipid-water systems. J.
Cell. Biol., 12: 221, 1962.
